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(54) MANUFACTURE OF INORGANIC-ORGANIC COMPOSITE MATERIAL COATED STEEL PLATE 

(57)Abstract: 

PURPOSE: To obtain a highly corrosion- and heat-resistant steel sheet with good processability coated 
with hard coating. 

CONSTITUTION: A steel sheet is coated with a solution in which an alkoxide an alkoxide derivative, a 
hydrolyzed alkoxide, or a mixture hydrolyzed of an alkoxide derivative and a dialkyl dialkoxyl silane is 
contained. The coated sheet is heat-treated at 100-600° C. The ratio of the dialkyl dialkoxyl silane as an 
organic component to the alkoxide and the alkoxide derivative which become an inorganic component or a 
molar ratio of the organic component/the inorganic component is 8.0-0.1. In this way, a steel sheet coated 
with a 0.5-50|xm thick film of an inorganic-organic composite material is obtained in which the skeleton of an 
inorganic polymer consisting of an M-O-M linkage (M: a metal atom or a semi-metal atom) is substituted by 
0-Si(R)2-0 group (R: an alkyl group). The coated sheet can be used for purposes in which a post-coated 
steel sheet has been used so far because a steel sheet pre-coated with an organic polymer could not 
respond the requirements. 
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CLAIMS 



[Claim(s)] 

[Claim 1]Inorganic matter and an organic fusant coated steel board covering inorganic matter and organic 
fusant which replaced a skeleton of inorganic polymer which comprises M-O-M combination (M is metal and 
semimetal atoms) by a -0-Si(R)2~0-basis (R is an alkyl group). 

[Claim 2]Inorganic matter and an organic fusant coated steel board, wherein rates of M (mineral constituent) 
which has not combined -Si(R)2- (organic component) and an alkyl group are 8.0-0.1 in a mole ratio of an 
organic component/mineral constituent in inorganic matter and the organic fusant coated steel board 
according to claim 1 and the thickniess of covering is 0.5-50 micrometers. 

[Claim 3]After applying a solution which added a dialkyl dialkoxy silane to an alkoxide, an alkoxide derivative, a 
hydrolyzed alkoxide, or an alkoxide derivative, and was hydrolyzed into it to a steel plate, A manufacturing 
method of inorganic matter and the organic fusant coated steel board according to claim 1 heat-treating at 
100-600 **. 

[Claim 4]An alkoxide which serves as a dialkyl dialkoxy silane used as an organic component, and a mineral 
constituent in a manufacturing method of inorganic matter and the organic fusant coated steel board 
according to claim 3, A manufacturing method of inorganic matter and an organic fusant coated steel board, 
wherein ranges of a rate with an alkoxide derivative are 8.0-0.1 in a mole ratio of an organic 
component/mineral constituent. 
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[Claim 1]Inorganic matter and an organic fusant coated steel board covering inorganic matter and organic 
fusant which replaced a skeleton of inorganic polymer which comprises M-O-M combination (M is metal and 
semimetal atoms) by a -0-Si(R)2-0-basis (R is an alkyl group). 

[Claim 2]Inorganic matter and an organic fusant coated steel board, wherein rates of M (mineral constituent) 
which has not combined -Si(R)2- (organic component) and an alkyl group are 8.0-0.1 in a mole ratio of an 
organic component/mineral constituent in inorganic matter and the organic fusant coated steel board 
according to claim 1 and the thickness of covering is 0.5-50 micrometers. 

[Claim 3]After applying a solution which added a dialkyl dialkoxy silane to an alkoxide, an alkoxide derivative, a 
hydrolyzed alkoxide, or an alkoxide derivative, and was hydrdlyzed into it to a steel plate, A manufacturing 
method of inorganic matter and the organic fusant coated steel board according to claim 1 heat-treating at 
1 00-600 **. 

[Claim 4]An alkoxide which serves as a dialkyl dialkoxy silane used as an organic component, and a mineral 
constituent in a manufacturing method of inorganic matter and the organic fusant coated steel board 
according to claim 3, A manufacturing method of inorganic matter and an organic fusant coated steel board, 
wherein ranges of a rate with an alkoxide derivative are 8.0-0.1 in a mole ratio of an organic 
component/mineral constituent. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application]This invention relates to weatherability and a heat-resistant steel plate which was 
excellent in processability and covered high hardness, and a manufacturing method for the same. 
[0002] 

[Description of the Prior Art]As for a steel plate, being painted and used is common. The purpose of painting 
is to increase a strength at the same time it protects the steel plate of a base greatly, and to glorify this. The 
painted steel plate is used from big things, such as a building, a marine vessel, and a bridge, even to 1 various 
machinery and cars, furniture, and accessories and consumer goods of the electric product 
[0003]Generally paint of these steel plates is called post coat, and is performed after processing and an 
assembly. However, in the household appliance field, the precoat steel plate already painted is especially 
shifted to processing and the method which carries out an assembly as it is in recent years. In addition to 
functions, such as the conventional corrosion prevention, processability is required of a precoat steel plate. 
And in order to fill said function, organic high polymers, such as polyester system resin, are used as a paint. 
[0004]On the other hand, as covering excellent in heat resistance, corrosion resistance, etc., a steel plate 
has porcelain enamel which covered glass. After porcelain enamel processes a steel plate into desired shape, 
it is manufactured on the post coat which coats glass. 
[0005] 

[Problem(s) to be Solved by the Invention]Since the precoat steel plate can skip a painting process from 
processing and an assembly line, for example, it depends on the present mailbox coat, precoat-ization has 
come to be required also of fields, such as high hardness, high weatherability, and high heat resistance. 
However, since the conventional precoat steel plate was fundamentally painted with the organic high polymer, 
there was a limit in surface hardness, weatherability, and heat resistance. On the other hand, although how to 
coat glass and ceramics and raise the surface hardness of a steel plate and heat resistance can be 
considered, processability is spoiled and it cannot be used as a precoat steel plate. For example, porcelain 
enamel is not processible, and if bending etc. are processed, the coated glass will separate simply. Then, an 
object of this invention is to provide weatherability and a heat-resistant steel plate which was excellent in 
processability and covered high hardness, and a manufacturing method for the same, in order to solve an 
aforementioned problem. 
[0006] 

[Means for Solving the Problem]Inorganic matter and an organic fusant coated steel board of this invention 
- are inorganic matter and an organic fusant coated steel board covering inorganic matter and organic fusant 
which replaced a skeleton of inorganic polymer which comprises M-O-M combination (M is metal and 
semimetal atoms) by a -0-Si(R)2-0-basis (R is an alkyl group). - As for setting to 8.0-0.1 a rate of M 
(mineral constituent) which has not combined Si(R)2- (organic component) and an alkyl group by a mole ratio 
of an organic component/mineral constituent, and the thickness of covering, it is preferred to be referred to 
as 0.5-50 micrometers. A manufacturing method of inorganic matter and an organic fusant coated steel board 
of this invention, After applying a solution which added a dialkyl dialkoxy silane to an alkoxide, an alkoxide 
derivative, a hydrolyzed alkoxide, or an alkoxide derivative, and was hydrolyzed into it to a steel plate, It is a 
manufacturing method of said inorganic matter and organic fusant coated steel board heat-treating at 100- 
600 **. Under the present circumstances, as for a rate with an alkoxide and an alkoxide derivative used as a 
dialkyl dialkoxy silane used as an organic component, and a mineral constituent, it is preferred to be referred 
to as 8.0-0.1 by a mole ratio of an organic component/mineral constituent. 

[0007]Inorganic matter and organic fusant are the materials united with an atom and a molecular level, when 
metal and semimetal carry out a chemical bond to an organic matter which consists of carbon, hydrogen, 
oxygen, nitrogen, etc. and polymerize in it. Inorganic polymer is the polymers which polymerized considering 
M-O-M combination as a skeleton, and M-O-M combination expresses a mineral constituent. And an alkyl 
group (R) in a -0~Si(R)2-0-basis expresses organic components, such as -CH~, -C^Hc, -CM-,, -C 4 H q , and - 



C 6 H 5 ' f for example. 
[0008] 

[Function]In the inorganic matter and the organic fusant coated steel board of this invention, since the -O-Si 
(R)2-0-basis is introduced into the skeleton of the inorganic polymer which comprises M-O-M combination, 
compared with glass or ceramics, it is rich in processability, and high hardness and high heat resistance can 
be demonstrated compared with an organic high polymer. That is, combination progresses in three dimensions 
that it is only a mineral constituent, it becomes a firm structure, and processability is spoiled. However, when 
a -0-Si(R)2-0-basis is introduced into some inorganic skeletons, it does not combine with other metal, but 
becomes free, a part of three-dimensional network of inorganic skeletons collapses, and this end comes to be 
rich in processability. Since basic linkage is an inorganic combination of M-O-M, compared with organic joint 
C-C, heat resistance, hardness, etc. become high. 

[0009]As for this inorganic matter and organic fusant, it is preferred to cover with a thickness of 0.5-50 
micrometers. The heat resistance or corrosion resistance with thickness sufficient at less than 0.5 
micrometer of covering are not acquired. On the other hand, if it becomes the thickness over 50 
micrometers, a crack etc. will occur at the time of heat treatment of a paint process. 

[0010]The inorganic matter and the organic fusant coated steel board of this invention are manufactured as 
follows. That is, after applying the solution which added the dialkyl dialkoxy silane to the alkoxide, the alkoxide 
derivative, the hydrolyzed alkoxide, or the alkoxide derivative, and was hydrolyzed into it to a steel plate, it 
heat-treats at 100-600 **. 

[0011]As for the rate of the dialkyl dialkoxy silane used as the alkoxide and alkoxide derivative used as a 
mineral constituent, and an organic component, it is preferred to consider it as the range of 8.0-0.1 by the 
mole ratio of an organic component/mineral constituent. If it becomes less than 0.1, since processability is 
spoiled, covering will exfoliate at the time of processing, or a crack will arise. On the other hand, if 8.0 is 
exceeded, to processability, it is satisfactory, but surface hardness and heat resistance fall remarkably. 
[0012]The ratio of an organic component/mineral constituent is computable from absorption peaks, such as 
Si-C combination of an infrared absorption spectrum, and C-H combination, and the absorption peak of M-0 
combination, for example. In addition, analytical skills, such as NMR and XPS, and the thermal analysis to 
which the pyrolysis of the organic component is carried out can be used. 

[001 3] Although the alkoxide in particular used by this invention is not limited, a methoxide, ethoxide, 
propoxide, butoxide, etc. are mentioned, for example, beta-diketone, beta-ketoester, alkanolamine, alkyl 
alkanolamine, organic acid, etc. replace a part of alkoxy group with an alkoxide derivative. Therefore, the 
metal which constitutes a mineral constituent in this invention, and semimetal are limited to what can form an 
alkoxide. For example, they are Si, aluminum, Ti, Zr, Ta, Nb, Y, Co, etc. 

[0014]In this invention, hydrolysis of an alkoxide and an alkoxide derivative is adding the water up to 10-mol 
twice, and hydrolyzing to an alkoxide and an alkoxide derivative. Under the present circumstances, inorganic 
acid, organic acid, or those both may be used as a catalyst. The water to add may be diluted with organic 
solvents, such as alcohol. It is not desirable in order to gel, shortly after using the water beyond 10 mol twice. 

[0015]As a dialkyl dialkoxy silane used by this invention. For example, a dimethyl JIMOTOKI gardenia fruit run, 
dimethyl diethoxysilane, a dimethyldipropoxysilane, Dimethyl dibutoxysilane, diethyldimethoxysilane, 
diethyldiethoxysilane, A diethyldipropoxysilane, diethyl dibutoxysilane, dipropyl dimethoxysilane, Dipropyl 
diethoxysilane, a dipropyldipropoxysilane, dipropyl dibutoxysilane, diphenyidimethoxysilane, diphenyl 
diethoxysilane, a diphenyldipropoxysilane, diphenyl dibutoxysilane, etc. are mentioned. 

[0016]In hydrolysis of this invention, twice as many 0.5-1 0.0-mol water as this is added to an unhydrolyzed 
alkoxy group. Under the present circumstances, inorganic acid, organic acid, or those both may be used as a 
catalyst. The water to add may be diluted with organic solvents, such as alcohol. With the water below 0.5 
mol twice, a degree of polymerization is low, and since it volatilizes in the case of heat treatment, it cannot 
apply. On the other hand, if 10.0 mole ratios are exceeded, it gels immediately and cannot apply. 
[001 7]In partial hydrolysis and hydrolysis, the organic solvent which can distribute and dissolve a dialkyl 
dialkoxy silane and an alkoxide uniformly is used. For example, they are various alcohol, such as methanol, 
ethanol, propanol, and butanol, acetone, toluene, xylene, etc. 

[001 8]A solvent, the alcohol generated by hydrolysis, etc. may be distilled off and applied under ordinary 
pressure or decompression after hydrolysis. 

[001 9] Although the steel plate in particular used by this invention is not limited, the steel plate etc. which 
gave the various steel plates for plating and these METSUKI, such as a stainless steel plate, aluminum, zinc, 
are mentioned, for example. 

[0020]Spreading to a steel plate is performed with a spray coating method, a dip coating method, a spray 
coating method, the roll coat method, a spin coat method, etc. 

[0021] Heat treatment after spreading is performed at 100-600 **. A solvent etc. do not evaporate enough 



that it is less than 100 **, and hardness and heat resistance are not obtained. If 600 ** is exceeded, a 

solvent etc. will evaporate rapidly and a pinhole and a crack will occur on a tunic. 

[0022] 

[ExamplejThe following examples explain concretely inorganic matter and an organic fusant coated steel 
board of this invention, and a manufacturing method for the same. However, this invention is not limited only 
to these examples. 

[0023]On the conditions shown in Table 1 and 2, inorganic matter and organic fusant were applied and heat- 
treated to the steel plate. The processability of the produced inorganic matter and the organic fusant coated 
steel board, surface hardness, corrosion resistance, and heat resistance were evaluated. These results are 
collectively shown in Table 3. Processability was evaluated to the limit of the coat crack after JIS G 
3312180" bending. The pencil hardness test method estimated surface hardness, corrosion resistance — the 
generating grade of the rust 240 hours after a neutral salt spray test — the generating nothing of 0:rust f and 
**: — generating of slight rust, and x: — the standard of generating of remarkable rust estimated. It 
investigated by the neutral salt spray test also about the corrosion resistance after 90-degree bending. After 
heating heat resistance at 200 ** - 600 ** for 48 hours, it investigated the temperature which rust does not 
generate in a neutral salt spray test. 
[0024] 
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[0025] 
[Table 2] 
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[0026] 
[Table 3] 



✓J 


Na 








fl&f i% t4 


CO 




1 


1 T 


4 H 


O 


o 


5 5 0 




2 


0 T 


3 H 


o 


o 


4 5 0 




3 


0 T 


4 H 


o 


o 


5 5 0 


n 


4 


0 T 


4 H 


o 


o 


4 5 0 




5 


1 T 


6 H 


o 


o 


6 0 0 




6 


1 T 


6 H 


o 


o 


6 0 0 


m 


7 


0 T 


3 H 


o 


o 


5 0 0 




8 


0 T 


4 H 


o 


o 


5 5 0 




9 


0 T 


. 3 H 


o 


o 


4 5 0 


n 


1 0 


0 T 


4 H 


o 


o 


5 0 0 




1 1 


0 T 


3 H 


o 


o 


5 0 0 




1 2 


0 T 


5 H 


o 


o 


5 0 0 




1 3 


0 T 


4 H 


o 


o 


5 5 0 




1 4 


0 T 


3 H 


o 


o 


4 5 0 





1 5 


8 T 


7 H 


o 


A 


6 0 0 




1 6 


0 T 


B 


X 


X 




jfc 


1 7 






— 




1 8 


0 T 


6 H 


A 


X 


- 




1 9 


0 T 


2 H 


A 


X 


- 




2 0 


5 T 


3 H 


A 


X 


- 




2 1 


8 T 


7 H 


O 


A 


6 0 0 




2 2 


0 T 


6 H 


A 


X 


- 




2 3 










2 4 


0 T 


B 


A 


X 


- 




2 5 


0 T 


B 


X 


X 


— 




2 6 


5 T 


3 H 


A 


X 





[0027]Processability is also good (0-1 T), surface hardness is also high (3-6H), and corrosion resistance and 
the corrosion resistance of the example after processing were also good. Heat resistance showed 450-600 
**. On the other hand, what has all the characteristics was not obtained in a comparative example. For 
example, since No.15 had too many mineral constituents, hardness and heat resistance were high, but 
processability was dramatically inferior. Since No.16 had too many organic components, hardness and its 
corrosion resistance were insufficient. Since No.17 had too low heat treatment temperature, the applied sol 
did not solidify it Since No.18 had too high heat treatment temperature, the crack and the pinhole occurred 
on the tunic and corrosion resistance was inferior in it. Since No.19 had thin thickness, hardness and its 
corrosion resistance were insufficient. No.20 had bad corrosion resistance by the crack which processability 
was inferior in since thickness was too thick, and was further generated at the time of heat treatment. 
[0028] 

[Effect of the Invention]The inorganic matter and the organic fusant coated steel board of this invention are 
rich in processability compared with the steel plate which covered glass and ceramics, and can demonstrate 
high hardness and high heat resistance compared with the steel plate which covered the organic high 
polymer. Therefore, in the precoat steel plate which applied the conventional organic high polymer, since it 
cannot respond, for example, the post coat is carried out, it can be used also for the field which needs 
advanced corrosion resistance and heat resistance. Since the inorganic matter and the organic fusant coated 
steel board of this invention have high hardness compared with the precoat steel plate of the conventional 
organic high polymer spreading, it is [ that a crack does not reach easily ] easy handling. 
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